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1. Introduction 


In spite of the dominance of Eucalyptus forests in Australia there is little information 
on nutrient cycling in these communities. The rates of litter fall and its decomposition are 
important aspects of nutrient cycles and are also of significance in soil formation and as- 
pects of fire protection such as controlled burning operations. The studies reported here are 
concerned specifically with decomposition, its rate and the loss of nutrients in relation to 
temperature, rainfall, soil pH, soil organic carbon and decomposer organisms. 

“Decomposition” is a term which has been widely used to imply anything from precise 
changes in specific components of plant tissue by biochemical degradation to an all-embracing 
term being synonymous with loss in weight. In the latter sense, in which it is used here, 
“decomposition” includes weight losses due to removal and/or consumption of tissue by 
leaf-feeding invertebrates, losses due to leaching, losses due to biochemical degradation by 
micro-organisms and losses due to biochemical degradation during passage through the 
guts of invertebrates. It is generally understood that weight losses due to removal and/or 
consumption by invertebrates (ie. “faunal decomposition”, see below) should be thought 


1) Present address (see p. 370). 
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of largely in terms of “disappearance” rather than biochemical degradation as the majority 
of soil and litter invertebrates have inefficient digestive systems (NIELSEN 1963), net assi- 
milation being less than 20%, and their excreta consists of finely comminuted food mate- 
rials, rich in energy and nutrients, which are a rich substrate for and are ultimately decom- 
posed by micro-organisms. 

Previous investigations on the decomposition of Eucalyptus leaves (Harcu 1955; 
McCourt 1966; Arrrwitt 1968; Woop 1970, 1971) have shown that in general their rate 
of decomposition is slower than that of many European broad-leaved species (see Discussion, 
chapt. 5). However, with the exception of Woon’s (1970, 1971) studies in the Snowy 
Mountains the investigations on Eucalyptus leaves were concerned with single species at 
sites where that species was one of the dominant trees. It is therefore difficult to judge 
whether the observed differences in rates of decomposition are due to inherent properties of 
the leaves or result from differences in site conditions. The present paper is concerned with 
the decomposition of leaves of E. delegatensis R. T. BAKER at different sites. This species 
was chosen because, on the basis of available information (see literature cited above), it de- 
composes more rapidly than other Eucalyptus leaves and is thus likely to reflect the effects 
of site conditions more readily than slower-decomposing species. 


2. Materials and methods 
2.1. Field experiments 


Leaves of E. delegatensis were picked from living trees at a locality in the Brindabella ranges. 
Australian Capital Territory. The leaves were allowed to reach equilibrium moisture content under 
conditions of constant temperature and relative humidity, whereupon samples were taken to esti- 
mate moisture content. Weighed samples of approximately 7 g dry weight equivalent were placed 
in terylene mesh bags, the open ends of which were sealed with rotresistant tape. The bags measured 
20x16 cm; 7 g of Eucalyptus leaves in this area (320 sq. cm) is approximately equivalent to publi- 
shed estimates (1000—4000 kg/ha) of the annual leaf-fall in Encalyptus forests (Harcu 1955; Hax- 
NON 1958; Sroare 1958; Arrıwırn 1968). The bags were of two types having meshes which gave 
holes of the following sizes: (Large mesh) 10.0 7.0 mm and (Small mesh) 0.03 x 0.03 mm. The 
small mesh bags give access only to microflora (eg. fungi, bacteria) and microfauna (eg. protozoa, 
nematodes) although a few minute mites (Acari), notably immature stages of Tarsonemidae and 
Tydeidae, were occassionally found inside these bags. The large mesh bags give access to all de- 
composer organisms, that is to macrofauna (eg. insects, myriapods, earthworms) and mesofauna 
(eg. Acari, Collembola, Enchytraeidae) in addition to the microfauna and microflora. 

The leaf samples were placed at each site between the 4th and 15th July, 1970. They were removed 
approximately 12 months later (14th—27th July, 1971), dried at 35°C and weighed. One large 
mesh and one small mesh bag were placed at 3 locations at each site after removal of freshly-fallen 
surface litter. 

The loss in weight of leaves enclosed in the large mesh bags is assumed to represent “natural” 
decomposition. The loss in weight of leaves enclosed in the small mesh bags is assumed to represent 
the rate of decomposition when mesofauna and macrofauna are excluded (ie. decomposition due to 
the activity of micro-organisms plus losses due to leaching). The difference between weight losses in 
large and small mesh bags is assumed to represent losses due to mesofauna and macrofauna, pro- 
vided that microbial decomposition and the rate of leaching of soluble components by rainwater 
is similar in the two types of bag. These assumptions, which appear to be reasonably valid (see 
chapt. 4 and 5), have been made by previous workers (Epwarps and Hearn 1963; Curry 1969: 
Woop 1971) who have used these methods. 


2.2. Chemical Analyses 


Leaves from the 3 replicates were bulked, dried to constant weight at 35 °C and ground to pass 
through a 0.5 mm sieve in a Christie and Norris mill. Organic carbon was analysed by the dry com- 
bustion method (Piper 1942). Other elements were analysed using methods described by CLARKE 
(1966): after digestion with sulphuric acid and hydrogen peroxide nitrogen was analysed by distilla- 
tion, phosphorus by ascorbic acid ammonium molybdate blue and potassium by flame photometer: 
calcium and magnesium were analysed by atomic absorption after extraction of a dry-ashed sample. 
Water-soluble materials were determined by extraction in hot water at 80—90 °C for 20 minutes, 
filtering and weighing the residue. Polyphenols were determined on the filtrate by SWAIN and 
Hixtts’s (1959) method using the Folin-Denis reagent and comparing the absorptivity at 725 nm 
with that of standard solutions of tannie acid; reagents were prepared according to the procedure 
given in the A.O.A.C. Methods of Analysis (1955). 
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Table 1 Loss in dry weight of Æ. delegatensis leaves during 12 months decomposition at 21 sites in south-eastern Australia. Rainfall and temperature are 
for the 12 months duration of the experiments; pll and organic carbon of soil surface 


Site number Loss in dry weight (% Environmental Factors 
ie ix) Total Microbial Faunal Rainfall Mean Monthly Temperature (°C) Soil pH*) Soil 
Appendix) plus leaching (mm) Maximum Minimum Mean organic C*) 
24 35.23 30.97 4.27 533 10.0 16.7 7.6 1.0 
25 40.33 28.97 11.37 533 10.0 16.7 7.5 1.6 
17 48.23 33.77 14.47 1219 1,0 6.9 5.3 3.0 
10 53.60 39.57 14.03 1600 3.3 7.5 5.0 5.3 
23 55.40 29.27 26.13 457 0.0 15.9 2.2 1.2 
20 57.33 34.83 22.50 559 6.1 12.5 6.4 2.1 
13 57.33 42.73 14.60 1219 2.2 7.5 5.3 3.5 
28 61.57 35.00 26.57 813 12.2 16.7 6.3 1.5 
16 61.97 44.00 18.63 1245 1.1 6.1 5.2 4.8 
9 63.70 44.10 19.00 1549 4.4 8.6 5.2 5.0 
19 64.00 33.90 30.10 508 5.6 11.4 6.4 2.7 
5 71.90 46.60 25.30 1346 7.8 14.2 5.7 3.3 
12 75.80 47.53 28.27 1245 1:1 6.1 5.2 5.0 
6 86.70 47.30 39.40 1397 7.8 14.2 5.7 3.7 
3 87.20 47.43 39.77 965 10.0 14.4 6.0 2.3 
11 89.07 30.37 58.70 686 3.9 9.4 6.4 1,7 
7 90.87 60.07 30.80 1651 6.1 11.1 5.7 5.2 
8 91.53 54.83 36.70 1651 6.1 11.1 5.7 5.1 
2 94.90 37.87 57.03 940 9.4 13.6 6.0 2.1 
4 94.20 43.43 50.77 1270 8.9 14.7 6.0 3.3 
1 96.73 40.77 55.97 1270 10.6 15.6 6.0 3.4 


*) pH and organic C of surface soil (0—4 cm), 


3. Sites 


Originally leaf samples were located at 33 sites in south-eastern Australia representing a wide 
range of climates and vegetation types ranging from semi-arid shrub-steppe to temperate rainforest 
and sub-alpine woodland. Most of the sites were in eastern N.S.W. located along a transect from the 
coast (Batemans Bay) onto the Monaro Tableland and into the montane and alpine regions of the 
Great Dividing Range. Other sites in N.S.W. and S.A. extended the range of sites to semi-arid 
communities (“‘mallee”, shrub steppe) and replicated certain vegetation types at widely separated 
localities (eg. dry scleophyll forest and sub-humid temperate woodland sites in eastern N.S.W. 
and S.A.). Unfortunately bushfires and human interference meant that results from 12 of these 
sites had to be abandoned, including three of the four subalpine woodland sites and three of the 
four “mallee” sites. 

Details of the vegetation, soils and climate at these sites is given in Table 1 and in the Appendix. 
In the following sections of this paper the sites will be largely referred to by their numbers; they 
can be conveniently grouped according to the formation of their vegetation (nomenclature follows 
Moore and Perry 1970) as follows: 

Sub-alpine woodland (10); Temperate rain forest (7); Wet sclerophyll forest (1, 6, 
8, 9, 12, 13); Dry sclerophyll forest (2, 3, 4, 5, 11, 16, 17, 20); Sub-humid temperate wood- 
land (19, 28); Eucalypt shrubland (“mallee”) (23); Shrub steppe (24, 25). 


4. Results 
4.1. Loss in dry weight 


The percentage loss in dry weight of leaves at each of the 21 sites is shown in Table 1 
together with values for the environmental factors, maximum, minimum and mean tempe- 
rature, rainfall, soil pH and soil organic carbon. Weight lost from leaves in large mesh bags 
(total decomposition) varied from 35.2% to 96.7%: weight lost from leaves in small mesh 
bags (microbial decomposition + leaching) varied from 29.0%, to 54.8%: the difference be- 
tween “total decomposition” and “microbial decomposition” gave an estimate of “faunal 
decomposition” which varied from 4.2% to 58.7%. Weight lost from leaves in large mesh 
bags suggested that sites could be grouped as follows: 

(a) Large loss in weight (71.9—96.7°,): coastal or near-coastal dry sclerophyll forest. 
wet sclerophyll forest and temperate rain forest at low elevations (700 m or lower). Excep- 
tions in this group are site 11 (dry sclerophyll forest at 960 m) and site 12 (wet sclerophyll 
forest at 1520 m). 

(b) Intermediate loss in weight (48.2—64.0°,,): eucalypt shrubland, sub-humid temperate 
woodland, dry sclerophyll forest and wet sclerophyll forest at elevations greater than 700 m 
(except sites 11 and 12) and sub-alpine woodland. 

(c) Small loss in weight (35.2—40.3",): shrup-steppe. In general at sites in group (a) 
moisture and temperature are not seriously limiting at any time of the year whereas at sites 
in group (b) rainfall (low) and/or temperature (low or high) are limiting at certain seasons. 
The two sites in group (c) are in the semi-arid zone and are exposed to low rainfall and high 
temperature for a considerable portion of the year. 

The rest of this section is concerned with more detailed investigations of the relationships 
between loss in weight and climatic and other environmental factors. 


4.2. Relationships between loss in weight and environmental factors 
4.2.1. Statistical Analyses 

Analysis of variance on the 63 observations of total, microbial and faùnal decomposition 
showed a highly significant difference between sites (Table 2); the error mean squares (within 
site variance) were subsequently used to assess the degree of fit when fitting regressions with 
the environmental factors. In some cases it was obvious that linear models were inadequate 
but the quadratic models of the form 

Y = ba + by(x — 5) + D(x — 8)? 

gave significant fits. By subtracting the mean from the x variable the high correlation he- 
tween x and x? was reduced but not sufficiently to approach orthogonality. 
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Table 2 Analysis of variance of percentage loss in weight of E. delegatensis leaves at 21 sites due 
to the action of all organisms (Wt), micro-organisms plus leaching (Wm) and animals (Wf). 


(n = 63) 
Variable Within site variance F ratio 
Wt 22.2 Frags 
`. Wm 8.7 8.04*** 
wi 35.2 Tort 


The following symbols have been used for the decomposition variables and site factors: 


(Wt) Total loss in weight (per cent); (Wm) Loss in weight due to micro-organisms and leaching 
per cent); (Wf) Loss in weight due to fauna (per cent); (R) Rainfall (mm); (Tmax) Mean maximum 
temperature (°C); (Tmin) Mean minimum temperature (°C); (T) Mean temperature (°C); (P) pH; 
C) organic carbon (per cent dry weight). 


4.2.2. Single — factor relationships 
All the possible linear and quadratic relationships between the decomposition variables 
and the environmental factors were investigated and the significant regressions are shown 
in Table 3. When all sites were considered there were only three significant linear regres- 


Table 3 Significant single-factor linear and quadratic regression equations between total (Wt), 
microbial (Wm) and faunal (Wf) decomposition and rainfall (R), pH (P), organic carbon (C) 
and mean maximum (Tmax), mean minimum (Tmin) and mean temperatures (T) at 21 


sites 
Equation r t 
All sites (n = 63) 
(1) Wm = 22.68 — 0.0165 R 0.80 5.85*** 
(2) Wm = 26.63 + 4.39 C 0.75 4.45*** 
(3) Wm = 81.84 — 6.91 P E zZ — 0.60 3.31** 
4) Wt = 82.49 + 6.40 (P— P) — 24.95 (P — PẸ 0.78 1,33, £95*** 
(5) Wt = 83.56 — 0.852 (Tmax — Tmax)? 0.63 3.49** 
(6) Wt = 81.24 — 0.888 (T — T}? 0.51 2.61* 
(7) Wt 40.38 + 11.51 (P — P) — 21.71 (P — P} 0.77 2.84*,.5.12*** 
(8) Wf = 41.20 — 0.735 (Tmax — Tmax)? 0,65 STAFF 
(9) WE = 38.59 — 0.719 (T — T} 0.50 2,53* 
Excluding sites with rainfall < 635 mm (n = 48) 
(10) Wt = 0.66 3.31** 
(11) Wt = 27. 0.67 3.34** 
(12) Wt = 59.8 j 0.53 237° 
(13) Wt = 42.06 + 2.97 T 0.62 2.96 
(14) Wm = 21.36 + 0.0173 R 0.67 3.35** 
15) Wm = 30.24 + 3.58 C 0.62 2.94* 
16) Wf = — 142.45 + 30.86 P 0.80 4.93*** 
17) Wf = 55.48 — 6.32 C —0.51 2.14* 
18) Wf = — 7.18 + 2.39 Tmax 0.58 2.64* 
19) Wf = 17.15 + 2.54 Tmin 0.56 2.50* 
20) Wi = 2.92 + 2.61 T 0.58 2.63* 
Excluding sites with minimum temperature < 5.5 °C (n = 42) 
(21) Wt = 35.51 + 0.0382 R 0.79 4.50*** 
(22) Wt = 252.17 — 28.41 P —0.88 Get"? 
(23) Wt = 41.89 + 11.47 C 0.72 3.59** 
(24) Wt = 211.60 — 6.80 Tmax —0.59 2.47* 
(25) Wm = 20.46 + 0,0205 R 0.93 8.65*** 
(26) Wm = 117.24 — 12.15 P —0.69 5.08*** 
27) Wm = 22.75 + 6.57 © 0.91 TOR 
(28) Wf = 134.94 — 16.26 P 0.83 3.28** 
29) WE = 125.21 — 4.84 Tmax —0.57 2.39* 
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Fig. 1. Relationship between rainfall, soil pH ad organic carbon and loss in weight of E. delegatensis 
leaves due to microbial decomposition plus leaching. Numbers refer to regression equations in Table 3. 


— — — regression line omitting 


‘ow nania]! s:tes 


a Low temkerature sites 


LOSS IN WEIGHT ) 
8 
fo} 
i 
g 
% LOSS IN WEIGHT) 
g 3 
ST 


3 
. 
N 
© 
© 


( 


= 
© 


TOTAL DECOMPOSITION 
i e a 


5 


DECOMPOSITION DUE TO FAUNA (% 


SOIL pH 


Fig. 2. Relationship between soil pH and total loss in weight of Æ. delegatensis leaves and loss dne 
to fauna. Numbers refer to regression equations in Table 3. 


sions, those between microbial decomposition and rainfall, organic carbon and pH (equa- 
tions (1), (2) and (3) in Table 3 and Fig. 1). Examination of the data suggested that certain 
sites were responsible for a disproportionate amount of variation both in these three signi- 
ficant relationships and in other non-significant relationships. Consequently linear regres- 
sions were calculated for sites with rainfall greater than 635 mm (25 in) (ie. excluding the 
low rainfall sites) and for sites with mean minimum temperature greater than 5.5 °C (42 °F) 


(ie. excluding the low temperature sites). There were 20 significant regressions. By omitting 
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—-—-— regression line omitting — — — regression line omitting regression line for all sites. 
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Fig. 3. Relationship between mean monthly maximum temperature and total loss in weight of 
E. delegatensis leaves and loss in weight due to fauna. Numbers refer to regression equations in 
Table 3. 
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Fig. 4. Relationship between soil organic carbon, rainfall and total loss in weight of E. delegatensis 
leaves (omitting low temperature sites). Numbers refer to regression equations in Table 3. 


the low temperature sites the correlation coefficient between microbial decomposition and 
rainfall, pH and organic carbon was increased (equations (25), (26) and (27), Table 3 and 
Fig. 1). Exclusion of the low rainfall sites gave significant regressions between rainfall and 
organic carbon with microbial decomposition (equations (14) and (15)) but the correlation 
coefficients were less than when all sites were considered. 
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Exclusion of the low rainfall sites gave significant positive correlations between both 
total decomposition and faunal decomposition with pH (equations (10) and (16), Table 3 and 
Fig. 2) whereas exclusion of the low temperature sites gave significant negative correlations 
between these same relationships (equations (22) and (28), Table 3 and Fig. 2). These regres- 
sions suggested a quadratic relationship between both total decomposition and faunal de- 
composition with pH when all sites were considered; these quadratic regressions were signi- 
ficant (equations (4) and (7), Table 3 and Fig. 2). There were similar linear (equations (11). 
(18), (24) and (29)) and quadratic (equations (5) and (8)) relationships between total and 
faunal decomposition with maximum temperature (Table 3, Fig. 3). In contrast comparable 
linear correlations between total and faunal decomposition and minimum and mean tempe- 
rature were either not significant or less significant (equations (12), (13), (19), (20)) than 
with maximum temperature. There were significant quadratic relationships with mean tem- 
perature (equations (6), (9)) but they were less significant than the corresponding relation- 
ships with maximum temperature. There were significant positive correlations between total 
decomposition and organic carbon and rainfall (equations (21), (23)) when low temperature 
sites were omitted (Fig. 4). 


4.2.3. Multiple — factor relationships 


A selective stepwise regression procedure was used to pick out the site factors which 
accounted for the greatest amount of variation in decomposition. The values of r? (Table 4) 
show that although multiple linear regressions accounted for more variation in decomposi- 
tion than single-factor linear regressions, none of the increases obtained by consideration 
of more than the most significant single factor were significant. A further indication of the 
unsuitability of multiple linear regressions is that when all sites were considered the five 
sites factors combined only accounted for 32.7% of the variation in total decomposition 
and 18.2% of the variation in faunal decomposition. However, the regressions do indicate 
that temperature (either mean minimum or mean maximum) may have an important in- 
fluence on decomposition as it comes out as the second most important factor in seven out the 
nine regressions (in one of the other two it is the most significant factor) shown in Table 4. 

The combined effects of rainfall and temperature on the relationships between pH and 
total and faunal decomposition (Fig. 2) suggested that second order models would give a 
better fit to the data for all sites. These were calculated for total, microbial and faunal de- 
composition separately and included as well as the quadratic terms, cross product or inter- 
action terms. As maximum and minimum temperatures are highly correlated mean tempe- 
rature was used in these regressions. From the complete set of independent variables the 
“best” regression equation was selected using a stepwise regression procedure. The “best” 
equations are shown in Table 5. Comparison of the residual mean squares in Table 5 with the 
error mean squares in Table 2 shows that most of the between site variation is being account- 
ed for by the site factors included in the regressions. It must be noted that although the 
correlation between the independent variates (environmental factors) was reduced by sub- 
tracting the mean from each variate the correlation was still large. which means that the 
“best” equations in Table 5 are not necessarily unique and another subset of independent 
variates could give equally “good” equations. This is illustrated by the “best” equation for 
faunal decomposition which gave a correlation coefficient of 0.79 with temperature and rain- 
fall — temperature compared with a correlation coefficient of 0.77 with pH alone [equation 
(7), Table 3]. However, the highly significant quadratic relationship between faunal (and 
total) decomposition and pH can be explained in terms of rainfal! and temperature with 
decomposition being low at low pH (high rainfall, low temperature) and high pH (low rain- 
fall, high temperature) and being high at intermediate pH. Furthermore the rainfall-tempe- 
rature interaction term accounted for 54.6%% and 65.0°,, of the variation in faunal and 
total decomposition (Table 6). As rainfall, temperature and the rainfall-temperature inter- 
action term appear in each of the three “best” equations in Table 5 it would appear that 
decomposition processes in these particular sites depend strongly either directly or indi- 
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Table 4 Values of r? for multiple linear regressions between total (Wt), microbial (Wm) and faunal 
(Wf) decomposition and rainfall (R), pH (P), organic carbon (C), maximum temperature 
Tmax) and minimum temperature (Tmin) 


Site factors r? 
Wt (all sites) R 14.1 
R + Tmin 24.3 
R + Tmin + P 28.2 
R + Tmin + P + Tmax 32.5 
R + Tmin + P + Tmax + C 82.7 
Wt (excluding sites with rainfall < 635 mm) Tmax 44.6* 
Tmax + P 50.6 
Tmax + P + C 63.7 
Tmax +P+C4+R 68.8 
Tmax + P 4+ C + R + Tmin 69.7 
Wt (excluding sites with Tmin < 5.5 °C) P TLG ttt 
P + Tmin 79.2 
P + Tmin + C 82.2 
P + Tmin + C + Tmax 89.9 
P + Tmin + C + Tmax + R 91.5 
Wm (all sites) R 64.3*** 
R + Tmax 68.7 
R + Tmax + C 74.4 
R + Tmax + C +P 79.0 
R + Tmax + C + P + Tmin 80.1 
Wm (excluding sites with rainfall < 635 mm) R 44.5** 
R + Tmax 55.8 
R + Tmax + C 72.7 
R + Tmax + C + Tmin 76.0 . 
R + Tmax + C + Tmin + P 78.9 
Wm (excluding sites with Tmin < 5.5 °C) R 86.1*** 
R + Tmin 89.6 
R + Tmin + Tmax 90.4 
R + Tmin + Tmax p 90.6 
R + Tmin + Tmax + P +C 90.9 
Wf (all sites) Tmin 8.0 
Tmin + P 15.5 
Tmin + P+ C 17.3 
Tmin + P + C + Tmax 17.7 
Tmin + P + © + Tmax + R 18.2 
Wf (excluding sites with rainfall < 635 mm) P 63.5*** 
P+C 66.8 
P+C+R 68.1 
P +C + R + Tmax 68.3 
P + C + R + Tmax + Tmin 68.3 
Wf (excluding sites with Tmin < 5.5 °C) P 47.2** 
P + Tmin 56.8 
P + Tmin + Tmax 67.7 
P + Tmin + Tmax + C 74.1 
P + Tmin + Tmax + C +R 74.5 


rectly, on rainfall and temperature. These relationships are illustrated in Fig. 5 which shows 
approximate lines of equal decomposition at different temperatures and rainfalls. 


4.3. Loss of elements and other constituents 


The concentrations of carbon, nitrogen, phosphorus, calcium, magnesium, potassium, 
water-soluble materials and polyphenols in the original leaf material and the leaves remain- 
ing in both coarse and fine mesh bags after 12 months is shown in Fig. 6. The loss of these 
substances during decomposition at the different sites was examined in relation to the four 
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Table 5 “Best” multiple regression equations between total (Wt), microbial (Wm) and faunal (Wf) 
decomposition and rainfall (R), mean temperature (T), organic carbon (C) and pH (P) at 


21 sites 
Equation r Residual F ratio 
mean 
square 
(30) Wt = 86.13 — 0.000085 (R — R)?*** — 0.726 (T — T)?* 
+ 6.85 (C — C)?** + 0.0123 (R — R)(T—T)*** _ 0.90 90.77 jarr 
(31) Wm = 41.57 — 0.015 (R — R)*** + 0.0019 (R — R) 
(T— T) 0.84 22.86 1.66*** 
(32) Wf = 35.16 + 1.008 (T — T) + 0.0103 (R — R) (T — T)*** 0.78 118.13 1.35*** 
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Fig. 5. Relationship between decomposition of E. delegatensis leaves rainfall and temperature. 
Numbers are % loss in weight and curves (drawn by eye) are lines of constant decomposition at 
varying temperature and rainfall. 


environmental factors, rainfall, mean temperature, soil pH and soil organic carbon and the 
decomposition variables, total decomposition, faunal decomposition and decomposition due 
to micro-organisms plus leaching. 

Carbon: The concentration of carbon in the leaves was virtually unchanged after 
12 months, varying from 47.2—52.1",,, the original concentration being 49.9"). 
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Fig. 6. Concentration of elements and other substances in E. delegatensis leaves after 12 months 
decomposition; horizontal broken lines indicate original concentration. 
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Table 6 Values of r° for second order linear and quadratic regressions between total (Wt), microbial 
(Wm) and faunal (Wf) decomposition and rainfall (R), mean temperature (T) and organic 
carbon (C) at 21 sites 


Site factors i 
Wt (all sites) (R — R)(T —T) 65.0*** 
(R — R)(T —T) + (C — C} E 69.9 
(R — R) (T — T) + (C — C} + (R — R} u 75.1 
(R—R)(T—T)+(C— 0} +(R— R} +(T—T?} 81.2 
Wm (all sites) (R—R) B 64.3*** 
(R — R) + (R— R)(T —T) 70.8* 
Wf (all sites) (R — R)(T —T) E 54.6*** 
(R— RP = += h 60.9 
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Fig. 7. Relationship between nitrogen content of E. delegatensis leaves after 12 months decompo- 
sition and rate of decomposition: (A) concentration in large mesh bags and total and faunal loss in 
weight and (B) concentration in small mesh bags and loss due to microbial decomposition plus leaching ; 
horizontal broken lines indicate original concentration. Numbers refer to regression equations given 
below. 


Nitrogen: After 12 months leaves in small mesh bags at all sites had a higher (1.30 to 
2.21%) concentration of nitrogen than the original leaves (1.28°%,), whereas leaves in large 
mesh bags had concentrations varying from (0.92—-2.12°%). There was a negative linear 
correlation between both total loss of dry weight and loss of dry weight due to fauna and 
concentration of nitrogen in the leaves remaining in the large mesh bags (Fig. 7). The regres- 
sion equations were (N = nitrogen concentration, ®,, dry weight): 


N = 2.760 — 0.016 Wt (r = — 0.79***) (33) 
N = 2.287 — 0.022 Wf(r = — 0.89***) (34) 
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Table 7 Carbon/Nitrogen ratio and relative amounts of Nitrogen and Calcium in leaves remaining 
in coarse and fine mesh bags after 12 months decomposition. Original C/N ratio = 39. 
Original amount of Nitrogen and Calcium = 100 


Site C/N Nitrogen Calcium 
Large mesh Small mesh Large mesh Small mesh 

1 52 2.6 86.1 = 90.4 
4 52 4.4 88.4 — 90.5 
2 54 3.7 97.2 14.3 90.2 
8 29 10.8 99.9 74.6 
7 40 8,6 65.6 12.9 72.0 
11 43 9.6 95.3 26.4 99.4 
3 31 15.0 90.8 35.2 100.0 
6 32 16.1 88.5 20.6 73.8 
12 25 34.3 84.5 44.7 86.6 
5 26 42.6 91.8 47.8 76.1 
19 31 46.4 86.7 62.1 107.5 
9 26 55.6 87.0 55.4 81.1 
16 23 79.6 56.9 66.7 92.4 
28 30 49.2 — 80.7 = 
13 26 61.8 62.6 70.2 103.2 
20 27 62.7 100.2 55.5 89.7 
23 28 59.9 108.0 110.3 156.0 
10 24 74.3 90.3 81.2 102.8 
17 28 76.1 92.2 95.8 102.8 
25 24 95.1 106.7 103.0 94.2 
24 26 95.7 98.8 92.4 82.9 


In contrast, the nitrogen content of leaves remaining in the small mesh bags showed a 
non-significant positive linear correlation with loss in weight due to micro-organisms and 
leaching and similar weak correlations with soil organic carbon and rainfall. 

The quantity of nitrogen in leaves remaining in the bags after 12 months is shown in 
Table 7. In large mesh bags the amounts range from 2.6%, to 95.7°,, of the original quantity 
and the corresponding figures for small mesh bags range from 56.9% to 108.0% 

Due to the fact that the concentration of carbon shows little or no change after 12 months of 
decomposition, the C/N ratios of partly decomposed (Table 7) leaves follow the same trend 
as the nitrogen concentration in being negatively correlated with loss in weight. 

Phosphorus: In general (ie. at 16 out of 20 sites) leaves remaining in large mesh bags 
after 12 months had a lower concentration of phosphorus (0.045—0.145°,,) than originally 
(0.107%) and the variation in phosphorus content showed a negative linear correlation with 
both total loss of dry weight and loss of dry weight due to fauna (Fig. 8). The regression 
equations were (P = phosphorus concentration, °,, dry weight): 

P = 0.142 — 0.00073 Wt (r = — 0.54*) (35) 
P = 0.124 — 0.00110 Wf (r = — 0.67*) (36) 

In contrast, the concentration of phosphorus in leaves remaining in the small mesh bags 
was similar to that of the original leaves; at 12 sites it was higher (up to 0.122%) and at 8 
sites it was lower (down to 0.093 %). 

Calcium: In both large and small mesh bags at all sites the calcium concentration in leaves 
was greater (0.52—1.12°,, in large mesh bags; 0.48—0.88°,, in small mesh bags) after 
12 months exposure to decomposition than originally (0.40°,,). Leaves remaining in large 
mesh bags had a higher concentration (14 out of 17 sites) than leaves remaining in small 
mesh bags. The variations in concentration of calcium were not correlated with any of the 
four environmental factors but show a positive linear correlation with faunal decomposition 
and a similar, but non-significant correlation with total decomposition (Fig. 8). The regres- 


sion equation was (Ca = calcium concentration, °, dry weight): 
Ca = 0.539 + 0.0079 WE (r = 0.65**) (37) 
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Fig. 8. Relationship between phosphorus and calcium content of Æ. delegatensis leaves after 12 
months decomposition in large mesh bags and total and faunal loss in weight; horizontal broken 
lines indicate original concentration. Numbers refer to regression equations on page. 
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Fig. 9. Relationship between potassium and polyphenol content of F. delegatensis leaves after 
12 months decomposition and rainfall. Numbers refer to regression equations on page 357. 
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The quantity of calcium in leaves remaining in the bags after 12 months is shown in 
Table 7. In large mesh bags the amounts range from 12.9% to 110.3% of the original quan- 
tity and the corresponding figures for small mesh bags range from 72.0% % to 156.0%. 

Magnesium: Leaves remaining in large (17 out of 18 sites) and small mesh bags (16 out 
of 20 sites) had lower magnesium concentrations than originally (0.23%) and in general 
(15 out of 17 sites) leaves in small mesh bags had a higher concentration than leaves in large 
mesh bags. The variations in concentration of magnesium were not correlated with any of 
the four environmental factors or rate of decomposition. 

Potassium: In both large and small mesh bags at all sites the potassium content was 
less (0.069—0.390°,, in large mesh bags; 0.125—0.583 % in small mesh bags) after 12 months 
exposure to decomposition than originally (0.795%). Leaves remaining in large mesh bags 
had a lower concentration (18 out of 20 sites) than leaves remaining in small mesh bags. In 
small mesh bags the concentration of potassium in leaves remaining after 12 months showed 
a negative linear correlation with rainfall and there was a similar, non-significant correlation 
between rainfall and the concentration of potassium in large mesh bags (Fig. 9). The regres- 
sion equation was (K = potassium concentration, °,, dry weight): 

K = 0.398 — 0.00016 R (r = 0.55**) (38) 

Water-soluble substances: In both large and small mesh bags at all sites the concen- 
tration of water-soluble substances was less (4.10— 13.15 % in large mesh bags; 2.20— 7.84%, 
in small mesh bags) after 12 months exposure to decomposition than originally (23.83%). 
Leaves remaining in large mesh bags had a higher concentration (14 out of 16 sites) than 
leaves remaining in small mesh bags. The variations in concentration of water-soluble sub- 
stances were not correlated with any of the four environmental factors or rate of decompo- 
sition. 

Polyphenols: No analyses were made on leaves remaining in small mesh bags. The con- 
centration of polyphenols in leaves remaining in large mesh bags was less (0.40—0.97 %) 
after 12 months exposure to decomposition than originally (4.13%). The variations in con- 
centration of polyphenols showed a negative correlation with rainfall (Fig. 9). The regression 
equation was (Pl = polyphenol concentration, %4 dry weight): 

PI = 0.914 — 0.0024 R (r = — 0.52*) (39) 


5. Discussion 
5.1. Comparison between Eucalyptus leaves and other species 


In general Eucalyptus leaves appear to decompose more slowly than leaves of many 
European broad-leaved trees. First-year loss in weight of various species of Eucalyptus are: 
E. obliqua L Herır (green leaves) 49%, (Arrıwırı 1968); E. marginata Sm. 38% (HarcH 
1955); E. maculata Hoox. 36%, (McCorı 1966); E. pauciflora Stes. ex SPRENG. 34%, in 
dry sclerophyll forest. 43% in wet sclerophyll forest and 45% in alpine herbfield (Woop 
1970); E. delegatensis 41%, in dry sclerophyll forest, 84% in wet sclerophyll forest and 78%, 
in alpine herbfield (Woop 1970) and 35% to 97% (present investigations). In contrast all 
but one of the species studied by HEATH, ArnoLD and Epwarps (1966) in southern England 
had lost more than 90%, of their original weight after 12 months and the exception (beech, 
Fagus sylvatica L.) had lost this amount after 15 months. Similarly rapid rates of decompo- 
sition were obtained by Bocock et al. (1960) and Bocock (1964) in northern England and 
Wirkamp and van DER Drirr (1961) in Holland. 


5.2. Relationships between loss in weight and environmental factors 
5.2.1. Rainfall and Moisture 
There have been many laboratory studies of the effects of various factors, particularly 
temperature and moisture, on the rate of decomposition (measured either as loss in weight 
or as rate of respiration) of organic matter and soil (WaKsMAN and GERRETSEN 1931; Mork 
1938: Jonxsox 1953) but the results may not always give a true indication of what happens 
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Fig. 10. Relationship between decomposition of alfalfa leaves (due to micro-organisms and leaching) 
and annual rainfall and mean temperature at 26 sites in Columbia. Costa Rica and California; data 
from Jenny et al. (1949). Numbers refer to regression equations on pages and. Broken line indicates 
regression between decomposition and rainfall for E. delegatensis leaves (equation 1, Table 3). 


under field conditions (Mork 1939; DAUBENMIRE and Prusso 1963). In contrast, many of 
the investigations of decomposition under field conditions have either neglected environmen- 
tal factors or have been concerned with the effects of a narrow range of factors (ie. at very 
few sites) so that the results do not lead to general conclusions. Notable exceptions are the 
studies of JENNY, GESSEL and BincHam (1949), DouGLas and Teprow (1959) and Wrr- 
KAMP (1966) and, although the methods, materials and environments were different in each 
case, they afford interesting comparisions with the present investigations. 

Jenny, GesseL and Brncuam (1949) studied the decomposition of alfalfa leaves at 29 
sites in Columbia, Costa Rica and California. The design of their particular experiments 
ensured the exclusion of soil and litter animals with the result that decomposition of the 
alfalfa leaves was due solely to microorganisms plus leaching. The climatic conditions at 
these sites were more varied than in the present study with mean annual temperatures 
ranging from 30 °F (— 1.1 °C) to 80 °F (26.7 °C) and annual precipitation from 10 in (254 mm) 
to 359 in (9,119 mm). After 12 months the loss in weight of alfalfa leaves varied from 45°,, 
to 100°, and, as in the present study of Æ. delegatensis leaves, the greatest losses in weight 
were at sites with high rainfall. There were no sites with low temperature and high rainfall 
so that it is not possible to compare composite rainfall/temperature/decomposition curves 
with those for E. delegatensis leaves (Fig. 5). However, from the information given by Jenny 
et al. (1949) it is possible to calculate a regression of loss in weight of alfalfa leaves (Wm) 
after 12 months against rainfall (R, mm) for 26 of their 29 sites (Fig. 10): this regression is 
positive and linear: 

Wm = 57.54 + 0.0114 R(r = 0.85***) (40) 

The high elevation of the regression line for alfalfa leaves indicates their relatively rapid 
rate of decomposition, total decomposition being approached or attained at sites with an- 
nual rainfalls of 100—140 in. (2.500—3.800 mm): for this reason the site with a rainfall of 
359 in (9.119 mm) was omitted from the regression although it has been plotted in Fig. 10. 
The slope (0.0114) of this regression is similar to the slope (0.0165) obtained in the present 
studies (equation 1, Table 3) with Æ. delegatensis leaves. Considering the differences in ex- 
perimental methods of these two studies this similarity may indicate a constant relationship 
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between loss in weight due to microbial decomposition plus leaching and rainfall — ie. an 
increase of approximately 3—4% loss in weight per 250 mm (10 in) increase in rainfall. 

There would appear to be a somewhat different relationship between rainfall and total 
decomposition. The slope (0.0382) of the regression between total decomposition of E. dele- 
yatensis and rainfall obtained by omitting the low temperature sites (Fig. 4, equation 21) 
is different to that of microbial decomposition and leaching alone (slope 0.0205, equation 25); 
in fact when all sites were considered the best relationship between total decomposition (and 
also faunal decomposition) and rainfall was curvilinear, but it was not significant. However, 
within narrow limits there may be linear correlations between total decomposition and rain- 
fall as found by PEREL and Karpacuevsky (1972) who studied the rate of decomposition at 
one particular site during three successive years. 

Wirkamp (1966) and Doustas and Teprow (1959) did not measure rainfall but obtained 
correlations between rate of decomposition and either soil moisture or moisture of the decom- 
posing leaves. WrrKame (1966), working in the per-humid climate of Oak Ridge, Tennessee, en- 
closed leaves in mesh bags having holes I mm: which ensured the exclusion of large invertebra- 
tes and thus his figures represent loss in weight due to leaching and decomposition by micro- 
organisms and small invertebrates (mesofauna). He found positive linear correlations be- 
tween seasonal differences in respiration of the decomposing leaves and leaf moisture, between 
respiration and loss in weight and between loss in weight and numbers of bacteria and fungi 
during a period of 10 months. Douetas and TepRow (1959), working in the arctic environ- 
ment of Point Barrow, Alaska, used measurements of soil respiration as an index of de- 
composition rate. Laboratory measurements of respiration in a Warburg apparatus indicated 
that at 19.5 °C there was a curvilinear relationship between respiration rate and moisture, 
that rate being low at low and high moisture contents with the maximum rate being attained 
at different moisture contents in different soils; at low temperatures (7 °C) moisture content 
had little effect on the rate of decomposition. However, the effect of moisture on rate of 
decomposition in the field was apparent only in two out of the four soils studied and in only 
one of these was the relationship curvilinear. 

In the present studies with Æ. delegatensis the positive correlation between ‘microbial 
decomposition” and soil organic carbon (equation 2) is probably a reflection of the effect 
of rainfall as organic carbon and rainfall are themselves highly positively correlated. The 
negative correlation with pH (equation 3) may also result from a high negative correlation 
between pH and rainfall although the correlation may also indicate a more rapid, predo- 
minantly fungal decomposition at low pH than a predominantly bacterial decomposition at 
high pH. The exclusion of sites with low temperatures or low rainfalls from the regressions had 
little effect on the correlations between “microbial decomposition” and rainfall, pH and organic 
carbon. There were no significant regressions with temperature and it appeared that rainfall 
was the dominant environmental factor influencing loss in weight due to micro-organisms 
and leaching. 


5.2.2. Temperature 


Certain laboratory experiments have indicated that there is a direct relationship between 
decomposition and temperature, particularly during the early stages of decomposition 
(WaksMAN and GERETSEN 1931; Jonson 1953: Wırkamr and Frank 1970) whereas other 
investigations have indicated that the relationship is more complex and that decomposition 
at low temperatures after periods of 100 days or more may be greater than at high tempera- 
tures (Mork 1938; DAUBENMIRE and Prusso 1963). 

In contrast, there are few field investigations on the effect of temperature on the rate of 
decomposition. Wirkamp (1966) found a positive linear correlation between seasonal diffe- 
rences in respiration of decomposing leaves at one particular site and temperature in the 
litter during a period of 10 months although it must be noted that there were only small 
fluctuations in temperature, from 0 °C to approximately 6 °C; in these experiments tempe- 
rature was the most important single factor influencing rate of respiration. Mıxora (1960) 


24 Pedobiologia. Bd. 14, H. 6 359 


found a direct linear relationship between mean summer temperatures in northern and 
southern Finland and rate of decomposition over a temperature range of 8.5—13.5 °C, 
there being increases in decomposition of pine needles of 1.75°, and birch leaves of 2.4°,, 
per 1 °C increase in temperature. SHANKS and Orson (1961) found that there was an increase 
in decomposition of 2.4% per 1 °F (0.56 °C) increase in temperature (temperature range not 
specified but altitudinal range in Southern Appalachian forests in north America was given 
as 850 ft (259 m) to 5200 ft (1585 m)), although as pointed out by DAUBENMIRE and Prusso 
(1963) this figure is the mean value of five different species at two locations at each altitude 
and there are several reversals of the average trend. There were also some inverse relation- 
ships between rate of decomposition of Eucalyptus leaves, grass and temperature at three 
sites at elevations of 4230 ft (1290 m), 5000 ft (1524 m) and 6400 ft (1952 m) in the Snowy 
Mountains, Australia (Woop 1970). The most comprehensive field study of the effect of 
temperature on decomposition is that of JENNY et al. (1949), already referred to in discussion 
of the effect of rainfall. From the data presented in their tables and graphs for 29 sites in 
Columbia, Costa Rica and California it was possible to calculate a regression of loss in weight 
of alfalfa leaves (Wm) after 12 months against mean temperature (T, °C) for 26 of their 
sites (Fig. 10). 

Wm = 46.85 + 1.78 T (r = 0.88***) (41) 


This regression indicates that decomposition (ie. microbial decomposition, as the experi- 
mental methods excluded mesofauna and macrofauna) increased by approximately 1.8", 
per 1 °C increase in temperature. Field measurements in four arctic tundra soils (DousLas 
and Teprow 1959) showed positive linear correlations between seasonal variations in soil 
respiration and temperature over an approximate temperature range of 0—10 °C; these 
workers concluded that temperature was the most important factor in controlling the de- 
composition of organic matter. . 

The results of the present studies on decomposition of E. delegatensis leaves do not in- 
dicate the simple relationship with temperature that might be expected from the investi- 
gations of previous workers. For instance, there were no significant relationships between 
“microbial decomposition” and mean, maximum or minimum temperatures. although mul- 
tiple regression analysis indicated that temperature or the interaction between rainfall and 
temperature was the next most important factor after rainfall (Tables + and 6). There were 
significant curvilinear (quadratic) relationships between both total and faunal decompo- 
sition and mean and maximum temperature (equations 5, 6, 8 and 9) indicating lower rates 
of decomposition at low and high temperatures and highest rates at mean temperatures of 
12°C and maximum temperatures of 17.5 °C. When either low rainfall or low temperature 
sites were omitted there were four significant linear regressions with maximum temperature. 
two with minimum temperature and two with mean temperature. The three positive corre- 
lations (equations 11, 12 and 13) with total decomposition when low rainfall sites were 
omitted showed that decomposition increased by 2.95", 2.63°,, and 2.97%, per 1 °C in- 
crease in maximum, minimum and mean temperature respectively, these figures being of 
the same order of magnitude as those obtained by Jenny et al. (1949). Mikoxa (1960) and 
SHANKS and OLson (1961). 

It would appear that although quadratic models adequately describe the present data. 
they are not very useful for predicting the rate of decomposition at temperatures outside 
the range in temperature of the sites studied. For instance extrapolation of the quadratic 
curves illustrated in Fig. 3 (equations 8 and 5) indicates that total decomposition would be 
zero at maximum temperatures of 7.7 °C and 27.5 °C and mean temperatures of 2.4 °C and 
21.8 °C and that faunal decomposition would be zero at maximum temperatures of 10.1 °C 
and 25.1 °C and mean temperatures of 4.9 °C and 19.3 °C. There is ample evidence that de- 
composition proceeds below these lower limits and above these upper limits and one must 
conclude that the steep downward trend of the total and faunal decomposition curves would 
not be obtained if the rate decomposition had been studied at more extreme temperatures. 
However, linear regressions, although being less adequate for describing the data (due to the 
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omission of either the low rainfall or the low temperature sites), may have more predictive 
value. For instance, of the low rainfall sites are excluded, linear regressions predict that total 
decomposition will be zero at maximum temperatures of — 9.4 °C (equation 11) and mean 
temperatures of — 14.2 °C (equation 13) and that faunal decomposition will be zero at 
maximum temperatures of 3.0 °C (equation 18) and mean temperatures of — 1.0 °C (equa- 
tion 20). These would appear to be more reasonable estimates than those given by quadra- 


tie models. 
5.2.3. Interaction between rainfall and temperature 


The effect of the interaction between rainfall and temperature on decomposition is evident 
from Fig. 5 which shows estimated curves of total, faunal and microbial decomposition of 
2, delegatensis at different temperatures and rainfalls. It has already been noted that the 
highly significant curvilinear relationship between pH and total and faunal decomposition 
is a reflection of the fact that pH is highly correlated with rainfall and temperature. 

Multiple regression analysis showed that the rainfall-temperature interaction term account- 
ed for 65.0%, of the variation in total decomposition and 54.6%, of the variation in faunal 
decomposition (Table 6), although as far as microbial decomposition was concerned the 
interaction between rainfall and temperature had a far less significant effect than rainfall 
alone. A comparable analysis was made of the data provided by Jenny et al. (1949) study of 
the decomposition of alfalfa at different temperatures and rainfalls (see Fig. 10). Tempera- 
ture was the most important factor, followed by rainfall; the rainfall temperature interaction 
term was not significant (Table 8). The “best” regression equation for the decomposition of 
alfalfa was: 

Wm = 76.95 +- 0.941 (T — T)*** + 0.008 (R — R)*** — 0.0376 (T — T)?* (r = 0.97)*** 
(42) 


Table 8 Values of r? for second order linear and quadratic regressions between loss in weight of 
alfalfa leaves due to microbial decomposition plus leaching and rainfall (R) and mean 
temperature (T) at 26 sites. Data from Jenny et al. (1949) 


2 


Site factors r- 

(T = 1) 76.5*** 
(T—T)+(R—R) 92.8%** 
(T— T) +(R—R) +(T— TP u 94.3* 
(T-T) +(R—R) +(T—T} + (R—R} M44 


(T—T) +(R— RE +(T — TY + (R— RP? + (T — T)(R — R) 94.7 


These results contrast with the present studies with E. delegatensis where there was no 
significant relationship with temperature and rainfall was the most important factor, fol- 
lowed by the rainfall-temperature interaction term (equation 31, Table 5). The difference in 
the relative importance of rainfall and temperature in these two studies is possibly a reflec- 
tion of differences in experimental techniques, leaf materials and range of climates, there 
being no hot, wet sites in the Australian series and no hot, dry sites in the American series. 


5.3. Estimation of weight losses due to leaching 


In the present studies and those of Jenny et al. (1949) it is not possible to separate weight 
lost due to leaching of water-soluble constituents and weight lost due to microbial activity. 
However, the measurements of readily mobile inorganic elements, such as potassium, and 
of water-soluble materials, such as polyphenols, in leaves of E. delegatensis in the present 
studies may give an indication of the amount of material lost by leaching although there 
are two sources of error of unknown magnitude. Firstly, the method of extracting water- 
soluble constituents by treating fresh, ground leaves in hot water for 20 minutes may extract 
from the leaves substances qualitatively and quantitatively different to substances removed 
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by the effects of rainfall on relatively intact leaves over a period of 12 months. Secondly, 
microbial activity itself releases water-soluble substances which would be leached out under 
field conditions but which may not be extracted during the hot water-extraction of fresh 
leaf material. However, if the quantitative estimates of water-soluble constituents in fresh 
and decomposed leaves of E. delegatensis are realistic they do indicate that loss of these 
substances makes a significant contribution to loss in weight during decomposition. After 
12 months the concentration of water-soluble substances in E. delegatensis leaves had 
decreased by a factor of 45% to 83% in large mesh bags (representing a loss of 10.3% to 
19.7% of the original total dry weight respectively) and by a factor of 67% to 91% in small 
mesh bags (representing a loss of 16°% to 21.6% of the original total dry weight respectively). 
Experiments in which decomposing Eucalyptus leaves were removed at intervals of 3 months 
showed that similar decreases in concentration of water-soluble substances occurred during 
the first 3 month of decomposition (Woop unpublished). Nykvısr (1963) showed that be- 
tween 82°, and 92% of the water-soluble substances in leaves of various European broad- 
leaved trees were organic and that there was a rapid loss of these substances during the first 
six weeks of decomposition, due partly to leaching and partly to decomposition by micro- 
organisms. Wırkamr and Orson (1963) estimated a rapid initial loss of slightly less than 
10%, dry weight of Quercus alba leaves. In contrast, loss of inorganic water-soluble substan- 
ces is probably entirely due to leaching. Arrıwırr (1968) showed that the concentration of 
potassium decreased by more than 60°, and that of sodium by more than 80%, during the 
first six months of decomposition of leaves of E. obliqua and my own unpublished work on 
decomposition of E. pauciflura and E. delegatensis in the Snowy Mountains shows that the 
concentration of potassium decreases by between 80°, and 90%, during the first three 
months of decomposition. In the present experiments the concentration after 12 months 
varied from 51% to 91°, of the original in large mesh bags and from 27°% to 84°, of the 
original in small mesh bags. The fact that these decreases in concentration were positively 
correlated with rainfall (Fig. 9) emphasizes the importance of leaching; the greater decrease 
in large mesh bags also indicates that the comminution of leaves by soil and litter inverte- 
brates accelerates leaching processes, presumably by exposing a greater area of leaf-surface. 

Furthermore, if one considers that faunal decomposition ceases around mean tempera- 
tures of — 1.0 °C (see section 5.2.2.) and that this temperature is also a minimum for miero- 
bial activity, equations 13 and 41 predict losses in weight of E. delegatensis of 39.1°, and 
of alfalfa of 45.2°% at this temperature These figures represent the maximum loss in weight 
due to leaching alone: maximum because organisms will be active when temperatures tem- 
porarily rise above the mean value of — 1 °C. These predicted weight losses at mean tempera- 
tures of 0 °C are similar to the experimentally determined losses of 30% to 51°, obtained by 
Break (1970) during winter periods when the ground was covered with snow and surface 
soil temperatures averaged 0 °C. 


5.4. Effects of organisms on decomposition 


It is evident that the four environmental factors considered here can influence the rate 
of decomposition only indirectly (with the exception of the direct effect of rainfall on leaching) 
by determining the level of activity of the decomposer micro-organisms and fauna. The 
activities of these organisms are subject to marked seasonal changes so that comparisons of 
net decomposition after 12 months may not reflect seasonal variations in rate which are 
likely to be more accurately described by equations with variable coefficients. It is also 
likely that the composition of the communities of decomposer organisms could possibly be 
influenced by environmental factors other than the ones being measured, which could lead 
to correlations quite different from the ones established here. For instance comparisons of 
the rate of decomposition of leaves in European soils with mull, moder and mor humus under 
the same conditions of temperature and rainfall show that decomposition is always more 
rapid in mull than in moder or mor (Bocock and GiLperr 1957; Wirkamp and VAN DER 
Drirr 1961: Bocock 1963) largely due to the fact that conditions in mull humus favour 
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the presence of the larger decomposer invertebrates, particularly earthworms (Lumbricidae). 
Barratr (1965) showed that the decomposition of grass litter in northern England was 
more rapid in soils with mull humus than in soils with mor humus irrespective of altitude 
(90 m to over 300 m) and related these differences to differences in the composition of de- 
composer organisms in mull and mor. 

The present studies have demonstrated that feeding by invertebrate animals can have 
a considerable impact on the disappearance of leaf litter. The loss in weight of E. delegatensis 
leaves due to “faunal decomposition” varied from 4.2°,, to 58.7°,, and the loss due to 
“microbial decomposition plus leaching” from 28.9°,, to 60.1°,,. The only other comparable 
figures for Eucalyptus leaves are from Woop’s (1971) experiments in the Snowy Mountains 
where, using the same experimental methods as in the present study, “faunal decomposi- 
tion” of E. pauciflora was 8.1, in dry sclerophyll forest, 7.7°,, in wet sclerophyll forest and 
9.1”, in alpine herbfield and of E. delegatensis was 11.2°,, in dry sclerophyll forest, 47.4°,, 
in wet sclerophyll forest and 29.4", in alpine herbfield after 12 months. Thus soil and litter 
invertebrates appear to have an effect on the decomposition of Eucalyptus leaf litter similar 
in magnitude to that in northern hemisphere temperate woodlands (see Bocock 1963; 
CrossLey and Wirxamp 1964; Epwarps and Hearn 1963; Hearn, ARNOLD and EDWARDS 
1966; Kuroneva 1964; ZLorrn 1972). 


5.5. Changes in chemical composition during decomposition 
5.5.1. Potassium and water — soluble substances 


The rapid loss from E. delegatensis leaves of readily soluble inorganic elements such as 
potassium and sodium and water-soluble organic substances, such as polyphenols, has already 
heen discussed in relation to the contribution of leaching to loss in weight. These trends are 
similar to those observed in other field studies of decomposition (BuRGES 1956; NYkvist 
1963; Kine and Hearn 1967; Kucera 1959). The general pattern appears to be a relati- 
vely large loss of water-soluble constituents within the first 6 weeks of decomposition follow- 
ed by a slower rate of loss as microbial decomposition releases more water-soluble substan- 
ces; comminution of leaves by litter-feeding invertebrates accelerates the leaching proces- 
ses. 

5.5.2. Calcium, Magnesium and Phosphorus 


Calcium, magnesium and phosphorus are far less mobile elements than sodium and po- 
tassium. Published work (Artiwitt 1968; BURGES 1956: Larrer and CraGG 1967: WILL 
1967; Tuomas 1969, 1970) indicates that the loss of these elements roughly parallels the 
overall loss in dry weight. However, in the present studies on E. deleyatensis the losses of 
these three elements follow distinct and different trends. 

At every site the concentration of calcium increased after 12 months of decomposition 
(Fig. 5) and at some sites actual amounts of calcium increased above the original (Table 7). 
The positive correlation between faunal decomposition and the concentration of calcium in 
leaves remaining in large mesh bags after 12 months indicates that tissue removed by leaf- 
feeding invertebrates is relatively low in calcium compared with un-eaten tissue. This sug- 
gestion is supported by the fact that the concentration of calcium was greater in leaves re- 
maining in large mesh bags than in leaves remaining in small mesh bags. At some sites this 
differential removal of tissues of relatively low calcium concentration could account entirely 
for the increase in concentration of calcium in the remaining leaves, but it could not possibly 
account for the increase in amount of calcium (sites 23 and 25) nor for amounts of calcium 
approaching the original in spite of considerable loss in total dry weight (sites 28, 10, 17 and 
24). Considering also that the amount of calcium in leaves remaining in small mesh bags 
often exceeded (sites 19, 13, 23, 10 and 17) or approached the original amount (sites 1, 4, 2, 
11, 3, 16 and 25) one must conclude that the general increase in concentration of calcium is 
due to addition of calcium to the decomposing leaves. Invertebrate animals were removed 
from the samples of leaves before analysis, so that import of calcium via animal tissues is 
excluded and the most likely source is via rainfall and dust. Considerable quantities of 
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elements, including calcium, have been reported as falling on the soil surface m rainwater 
and these elements are derived either from the rainfall itself or by leaching from vegetation. 
Studies in European deciduous woodland (CARLISLE, Brown and WHITE 1966, 1967: Dr- 
VIGNEAUD and DENAEYER-DE SMET 1967, 1970; OVINGTON 1968) have shown that over 
40 kg/ha of caleium may be added to the surface and of this up to 19 kg/ha may be contained 
in rainwater, the rest being derived by foliar leaching. In south-eastern Australia (Vietoria) 
Hurron and Lesuie (1958) estimated annual additions of calcium of 1.1 to 12.5 kg/ha in 
rainfall and Arrıwırr (1966) working in dry sclerophyll Eucalyptus forest in Victoria esti- 
mated an annual addition of 2.7 kg/ha and a further addition of 5.3 kg/ha by leaching from 
foliage. The net amount recorded by ATTIWILL of 8 kg/ha is equivalent to approximately 
0.15 g per area of a single bag of leaves of E. delegatensis used in the present experiments. 
The amount of calcium in samples with a calcium concentration of 0.7°% and a loss in dry 
weight of 50% would be accounted for by retention of !/, of this amount of 0.15 g. This 
seems likely as THomas (1969) found that only 12%, of *5Ca removed from trees by foliar 
leaching reached the soil during the course of a six-month experiment; ground vegetation 
absorbed some of the remainder, but most of it was retained in the litter layer. 

In contrast to calcium, concentrations of magnesium in leaves after 12 months of de- 
composition were slightly lower than originally at nearly all sites and concentrations in 
small mesh bags were, in general, greater than in large mesh bags. The latter observation 
may be accounted for by either more rapid rates of removal by fauna or more rapid leaching 
in large mesh bags. However, it is difficult to account for the low concentration and amounts 
of magnesium unless magnesium is added in considerably lower quantities than calcium in 
rainfall and foliar leachates. This seems unlikely in the light of published work which shows 
that magnesium is added in similar or slightly lower quantities than calcium both in Europe 
(Carzısıe et al. 1966; Ovineron 1968; Duvienzaup and DENAEYER-DE Smer 1970) and 
Australia (Hurron and Leste 1958: Arrıwırr 1966). Possibly proportionally less magne- 
sium than calcium is retained by the surface litter. 

Phosphorus concentration in rainfall appears to be very low and only small quantities 
are added to the surface by foliar leaching (Arrıwırr 1966; CARLISLE et al. 1966; Duvt- 
GNEAUD and DENAEYER-DE Smet 1970) so that changes in phosphorus in decomposing 
leaves are largely due to the processes of decomposition. The negative correlation between 
the concentration of phosphorus in leaves remaining in large mesh bags and total decompo- 
sition and faunal decomposition is possibly due to the removal by leaf-feeding invertebrates 
of tissue with a relatively high concentration of phosphorus. This suggestion is supported 
by the fact that the concentration of phosphorus is greater in leaves remaining in small 
mesh bags (which exclude animals) than in leaves remaining in large mesh bags. 


15.5.3. Carbon and Nitrogen 


There was little or no change in concentration of carbon in E. delegatensis leaves during 
decomposition so that changes in the C/N ratio (Table 7) were a reflection of changes in the 
concentration of nitrogen. Bocock (1964) obtained similar results with leaves of four species 
in deciduous woodland in northern England. Several studies of decomposition have followed 
changes in the concentration of nitrogen during decomposition of various types of litter and 
in general (Bocock 1963, 1964; GrtBertT and Bocock 1960; KoeLLING and Kucera 1965; 
LATTER and Craca 1967; Mikora 1955; Wirt 1967; see also this paper) there appears to 
be an increase, although occasionally the concentration decreases (Bocock 1964; see also 
this paper). In the present studies the concentration of nitrogen in leaves remaining in large 
mesh bags was inversely related to the loss in weight by total decomposition and by faunal 
decomposition with the result that at only five sites was the concentration of nitrogen lower 
than the original concentration (Fig. 7). Removal by leaf-feeding fauna of tissues of rela- 
tively high nitrogen concentration could account for the decrease in nitrogen concentration 
at these five sites (faunal decomposition 31—59°,), but if animals do preferentially remove 
nitrogen rich tissues, the increase in concentration of nitrogen at the other sixteen sites can 
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be accounted for only by input nitrogen from other sources. This suggestion is supported 
by analyses of leaves remaining in small mesh bags, which exclude leaf-feeding animals, 
where at every site there was an increase in concentration of nitrogen, Further confirma- 
tion is obtained from Table 7 which shows that at sites 24 and 25 the quantity of nitrogen 
in leaves remaining in large mesh bags and at sites 2, 8, 11, 3, 5, 10, 17 and 25 the quantity of 
nitrogen in leaves remaining in small mesh bags approached the quantity in the original 
undecomposed leaves and at sites 20, 23 and 25 the original quantity was exceeded in leaves 
remaining in small mesh bags. Increases in total amount of nitrogen in decomposing leaf 
litter were also found by Bocock (1963, 1964), GILBERT and Bocock (1960), Mıkora (1954), 
Sarré (1956), Tonacina et al. (1968) and Writ (1967). 

Rainwater appears to contain only small quantities of nitrogen (Bocock 1963; CARLISLE 
et al. 1966; Ovineron 1968; TcHAGINA et al. 1968) although input from this source may 
occasionally be significant (Bocock 1963). Possible sources of additional nitrogen were 
investigated by Bocock (1963) and Temacına et al. (1968) and included dead bodies and 
excreta of leaf-feeding invertebrates, leachates from foliage or from freshly-fallen leaves, 
excreta from leaf-feeding insects living in the foliage of trees and shrubs and fixation of 
nitrogen by nitrogen-fixing micro-organisms. Bocock (1963, 1964) concluded that nitrogen- 
fixation was insignificant and that the input of nitrogen to forest litter was derived mainly 
from the foliage of trees by leaching and via excreta of leaf-feeding insects, particularly 
Tortricidae. On the other hand Tenacına et al. (1968) could not account for all the additio- 
nal nitrogen by accession of nitrogen from above ground foliage and as they were able to 
correlate the increase in amount of nitrogen with the numbers of nitrogen-fixing bacteria 
in samples of leaf-litter they concluded that nitrogen-fixation in situ made a significant 
contribution to the increase in amount of nitrogen in decomposing leaves. 

Although no measurements were made in the present experiments with Æ. delegatensis of 
the addition of nitrogen and other elements from various sources, some of the results ob- 
tained appear to have some bearing on the question of input of nitrogen. Firstly, at site 24 
the litter bags were placed in the open between Atriplex bushes, so that addition of nitrogen 
and other elements to the leaves could only be via precipitation and dust ie. sources such as 
foliar leaching and excreta of arboreal insects were excluded. At this site the weight of 
nitrogen in leaves remaining in large and small mesh bags (95.7%, and 98.8% of the original 
0.09 g, see Table 7) was 0.086 g and 0.089 g respectively. The percentage weight of leaves 
remaining in large and small mesh bags was 64.8°,, and 69.1% respectively and if there 
was no addition of nitrogen to the leaves and percentage loss of nitrogen by decomposition 
is the same as percentage loss of weight, the theoretical amount of nitrogen in leaves in 
large mesh bags would have been 0.058 g and 0.062 g respectively. The difference between 
the theoretical and the actual weights of nitrogen (ie. 0.086 — 0.058 and 0.089 — 0.062) 
give a minimum estimate of the weight of nitrogen added to the leaves ie. 0.028 g in large 
mesh bags and 0.027 g in small mesh bags. These weights are equivalent to 9.3 kg/ha and 
9.0 kg/ha respectively and are almost certainly underestimates as nitrogen appears to be lost 
at a more rapid rate than dry weight, at least in large mesh bags where decomposition is 
rapid (see discussion above and Fig. 7). Secondly, extrapolation of the relationship the be- 
tween weight of leaves remaining and the weight of nitrogen in the leaves (Fig. 11) given by 
the following equation (N = weight of nitrogen. W = dry weight of leaves, both expressed 
as per cent of the original weight): 


N = 1.519 W — 1.456 (r = 0.95***) (43) 


gives an estimate (150.4%) of the amount of nitrogen that there would be in the original 
7 g sample after 12 months if there had been no decomposition. The increase in weight of 
nitrogen of 0.0454 g per 7 g sample represents an addition of 15.1 kg/ha. Site 24 was remote 
from any source of industrial pollution so that it is most unlikely that the addition of 9.0 
to 9.3 kg/ha of nitrogen was entirely from rainfall and dust as quantities of this order of 
magnitude have only been recorded from regions where industrial pollution contributes 
large quantities of nitrogen (CARLISLE et al. 1966 — 9.5 kg/ha in northern England; Du- 
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Fig. 11. Relationship between nitrogen content and weight of leaves of Æ. delegutensis remaining in 
coarse and fine mesh bags after 12 months. Number refers to regression equation on page. 


VIGNEAUD and DENAEYER-DE SMET 1970 — 8.7 kg/ha in Belgium). The accession of nitrogen 
in rainfall and dust at this site is likely to be similar to that of 0.5—1.5 kg/ha recorded by 
WersELAAR and Hurron (1963) in northern Australia. The site was not grazed by domestic 
livestock so that there would be no addition of nitrogen via faeces or urine and it is likely 
that either free-living nitrogen fixing organisms or translocation of nitrogen by fungal 
hyphae made a significant contribution to the increase in nitrogen. The estimated addition 
of 15.1 kg/ha of nitrogen appears to be more than could be accounted for by rainfall, foliar 
leaching and excreta of leaf-feeding insects. Firstly, CARLISLE et al. (1966) found that a pro- 
portion of the nitrogen in rainfall was absorbed by the foliage of trees and shrubs with the 
result that rain falling on the forest floor had less nitrogen than rainfall above the canopy 
and secondly, Bocock (1963) showed that the net addition of nitrogen in rainfall, foliar 
leachates and excreta of insects following intense defoliation never exceeded 6.6 kg/ha. 

In summary these aspects fo changes in the nitrogen content of decomposing leaves 
suggest that after 12 months addition of nitrogen from various sources could amount up 
to 15 kg/ha which is equivalent to 50°, of the original nitrogen content of the samples of 
E. delegatensis leaves. Very rapid decomposition (more than 90°, loss of dry weight in 
12 months), which appears to be associated with rapid removal of relatively nitrogen-rich 
tissues by leaf-feeding invertebrates, may result in loss of nitrogen relative to carbon and 
dry weight and an increase in the C/N ratio. Slower decomposition depending either on site 
or technique (ie. inclusion in small mesh bags) appears to result in not only a slower loss of 
nitrogen but also increases in amounts of nitrogen. In this respect it is interesting to note 
that Bocock (1964) found that increases in the amount of nitrogen in decomposing oak 
leaves were greater on a moder site. where decomposition was relatively slow, than on a mull 
site, where decomposition was relatively rapid. 


6. Summary - Zusammenfassung 


The effects of rainfall, temperature, soil organic carbon, soil pH and decomposer organisms on 
the decomposition of leaves of Eucalyptus delegatensis was studies at 21 sites in south-eastern 
Australia. The leaves were enclosed in terylene mesh bags of two types, one with holes 0.03 mm in 
diameter which excluded mesofauna and macrofauna and the other with holes 10.0% 7.0 mm which 
gave access to all decomposer organisms. Measurements were made of dry weight, C, N, P, I, Ca, 
Mg, water-soluble substances and polyphenols of the fresh leaves and after they had been exposed 
on the ground surface for 12 months. 
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Rainfall (12 months) ranged from 457—1651 mm, mean annual temperature from 6.1—16.7 °C, 
soil organic carbon from 1.0—5.3%, and soil pH from 5.0—7.5. Total loss in weight (Wt) varied 
from 35—97°,, loss in weight due to microbial activity plus leaching (Wm) varied from 29—60 % 
and loss in weight due to fauna (Wf: given by Wt—Wm) varied from 4—59%. Wt was greatest 
(72—97°,) in coastal and near-coastal forests at low altitudes (< 700 mm); intermediate losses 
(48—64 %) occurred in sub-humid woodland, eucalypt shrubland, forests at altitudes > 700 m and 
in sub-alpine woodland; lowest losses (35—40%) occurred in shrub steppe. Stepwise, selective mul- 
tiple regression analysis showed that rainfall, temperature and the interaction between rainfall and 
temperature accounted for 65% of the variation in Wt, 71% of the variation in Wm and 61% of 
the variation in Wf. Wm showed positive linear correlations with rainfall and organic carbon, a 
negative linear correlation with pH and no relationship with temperature. In contrast Wt and Wf 
were not linearly correlated with any of the environmental factors but showed significant curvilinear 
(quadratic) relationships with pH, mean temperature and maximum temperature. The relationships 
with pH reflected the effects of the interaction between rainfall and temperature which resulted in 
slow decomposition at low pH (low temperature, high rainfall) and high pH (low rainfall, high tem- 
perature) and rapid decomposition at intermediate pH. 

There were large decreases in the concentration of water-soluble substances (from 23.8% down 
to 2.2—13.2 9%), polyphenols (from 4.1%, down to 0.40—0.97%) and potassium (from 0.795%, 
down to 0.069—0.583 %) indicating significant losses due to leaching. Losses of polyphenols and 
potassium were positively correlated with rainfall. Concentrations of elements in the positively cor- 
related with rainfall. Concentrations of elements in the leaves after 12 months suggested that the 
rate of loss was K > P > Mg > C > N > Ca. There was addition of nitrogen and calcium at 
some and probably at all sites, resulting in increased concentrations (N from an original concentra- 
tion of 1.28% up to 2.21%; Ca from 0.40% up to 1.12%,) and at some sites of increased amounts 
(N up to 108.0 %,; Ca up to 156.0%). Thus, the concentration of elements in leaves after 12 months 
probably represents a balance between losses through decomposition (including leaching) and addi- 
tion from rainwater, dust and other sources. Addition of calcium and nitrogen was proportional to 
the weight of leaves remaining after 12 months; it is likely that nitrogen-fixation and/or trans- 
location by fungal hyphae were the principal source of additional nitrogen whereas additional cal- 
cium was probably derived from rainwater and foliar leachates. Loss of carbon was similar to loss 
of dry weight whereas magnesium and phosphorus were lost more rapidly than dry weight.. 

The relative concentrations of elements in large and small mesh bags and correlations between 
these concentrations and Wf suggest that leaf-feeding invertebrates preferentially consumed portions 
of leaf — tissue having relatively low concentrations of calcium and relatively high concentrations 
of nitrogen, phosphorus and possibly magnesium. 


Freilanduntersuchungen der Rotte von Eucalyptus-delegatensis-Blättern 
in Beziehung zu Umweltsfaktoren 


Die Wirkungen von Regen, Temperatur, Bodenkohlenstoffgehalt, pH und abbauenden Organis- 
men auf die Rotte von Blättern von Eucalyptus delegatensis wurde an 21 Standorten Südost- 
Australiens studiert. Die Blätter waren in zweierlei Terlylen-Gazebeuteln eingeschlossen (Maschen- 
weite 0,03 mm, die die Meso- und Makrofauna ausschließt und 10,0 - 7,0 mm, die allen Zersetzern 
Zugang gewährte). Es wurden das Trockengewicht, C, N, P, K. Ca, Mg, der Gehalt an wasserlöslichen 
Substanzen und Polyphenolen frischer Blätter sowie von Blättern, die 12 Monate auf dem Boden 
gerottet waren, gemessen. 

Der jährliche Niederschlag schwankte zwischen 457—1651 mm, die durchschnittliche jährliche 
Temperatur schwankte zwischen 6,1—16,7 °C, der C-Gehalt des Bodens von 1,0—5,3% und die 
pH-Werte von 5,0—7,5. Der totale Rotteschwund (Wt) variierte von 35—97%, der mikrobiogene 
Rotteschwund + Auswaschungsverlust (Wm) variierte von 29—60 % und der zoogene Rotteschwund 
(Wf = Wt—Wm) variierte zwischen 4—59 %. 

Der Gewichtsverlust (Wt) war in den Küstenwäldern, küstennahen Wäldern und den Wäldern 
in bis zu 700 m ü. M. mit 72—97 % am höchsten; mittlere Verluste zwischen 48—64% traten im 
subhumiden Waldland, im Eucalyptus-Buschland, in Wäldern über 700 m ü. M. sowie in subalpinen 
Waldgebieten auf; die niedrigsten Verluste wurden in der Buschsteppe beobachtet. Eine stufen- 
weise, selektive multiple Regressionsanalyse zeigte, daß der Niederschlag, die Temperatur und die 
Wechselwirkungen zwischen Niederschlag und Temperatur 65%, der Variation des totalen Rotte- 
schwundes (Wt), 71%, der Variation des mikrobiogenen und durch Auswaschung bedingten Rotte- 
schwundes und 61% der Variation des zoogenen Rotteschwundes (Wf) bewirkten. Der mikrobiogene 
Rotteschwund (Wm) zeigte positive lineare Korrelationen mit dem Niederschlag und dem C-Gehalt 
des Bodens sowie eine negative lineare Korrelation mit dem pH und keine Beziehung zur Tempera- 
tur. Im Gegensatz dazu waren der totale Rotteschwund (Wt) und der zoogene Rotteschwund (Wf) 
nicht mit irgendeinem Umweltfaktor linear korreliert: sie zeigten aber sienifikante kurvenlineare 
(quadratische) Beziehungen zwischen pH, durchschnittlicher Temperatur und Maximaltemperatur. 
Die Beziehungen zum pH widerspiegeln die Resultate der Wechselwirkungen zwischen Niederschlag 
und Temperatur, die zu einer langsamen Rotte bei niederem pH (niedere Temperatur, hoher Nieder- 
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schlag) und hohem pH (geringer Niederschlag, hohe Temperatur) und zu einem schnellen Abbau 
bei mittlerem pH. 

Es zeigten sich als Zeichen starker Auswaschungsverluste starke Konzentrationserniedrigungen 
der wasserlöslichen Substanzen (von 23,8 bis 13,2 bzw. 2,2%) der Polyphenole (von 4,1 bis 0.97 bzw. 
0,40%) und des Kaligehaltes (von 0,795 bis 0,583 bzw. 0,069 %). Der Schwund von Polyphenolen und 
Kali war mit dem Niederschlag positiv korreliert. Die Konzentrationen der Elemente in den Blättern 
(12Monate nach Rottebeginn) weisen auf folgende Relation der Schwundraten hin: K > P > Mg 
>C>N> Ca. Es zeigte sich eine Akkumulation von Stickstoff und Kalzium an einigen (und 
wahrscheinlich an allen) Standorten, die sich in steigenden Konzentrationen (N von einer ursprüng- 
lichen Konzentration von 1,28 auf 2,21%; Ca von 0,40 auf 1,12%) und an einigen Standorten in 
steigenden Gehalten (N bis zu 108%; Ca bis zu 156%) widerspiegelten. Die Konzentration der 
Elemente in den rottenden Blättern (nach 12 Monaten) widerspiegelt also das Gleichgewicht zwischen 
Rotteschwund (einschl. Auswaschung) und der Zuführung von Niederschlagswasser. Die Ansamm- 
lung von Kalzium und Stickstoff war dem Gewicht der (nach 12 Monaten) verbliebenen Blattreste 
proportional; die N-Bindung und (oder) N-Verlagerung durch Pilzhyphen sind wahrscheinlich die 
Hauptquelle des zusätzlichen Stickstoffs, während zusätzliches Kalzium wahrscheinlich aus dem 
Regenwasser und Blattauswaschungen stammt. Der C-Schwund entsprach dem Schwund von 
Trockensubstanz während der Magnesium- und Phosphor-Schwund stärker als der Verlust an 
Trockensubstanz war. 

Die relativen Konzentrationen der Elemente in groß- und kleinmaschigen Gazebeuteln und die 
Korrelationen zwischen diesen Konzentrationen und den zoogenen Rotteschwund (Wf) weist dar- 
auf hin, daß blattfressende Wirbellose vorzugsweise Blattgewebe konsumieren, die relativ geringe 
Kalziumkonzentrationen und relativ hohe N-, P- und möglicherweise auch Mg-Konzentraionen auf- 
weisen. 
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9. Appendix: Details of sites 


Temperature and rainfall data for the 12-month period July, 1970 to June, 1970 are given in 
Table 1 and were obtained from records of the Commonwealth Bureau of Meteorology, the Snowy 
Mountains Authority, the Kosciusko National Park and the CSIRO Riverina Laboratory, Denili- 

uin. 
Site 1. Location: ca. 6.5km NE of Batemans Bay, N.S.W.; map ref. 323595, SI 56-13, ed. 1, ser. 
R502. Altitude: 30 m. Soil: prairie soil. Vegetation: wet sclerophyll forest (Eucalyptus pilularis Sm. 
— E. maculata Hook). 
Site 2. Lokation: ca. 4 km NE Lenswood, S.A.; map ref. 181688, SI 54-9, ed. 1, ser. R502. Altitude: 
400 m. Soil: yellow-brown podzolic. Vegetation: dry sclerophyll forest (Eucalyptus baxteri (BENTI.) 
— E. obliqua). 
Site 3. Location: ca. 2km S of Norton Summit, S.A.; map ref. 173683, SI 54-9, ed. 1, ser. R502. 
Altitude: 400 m. Soil: yellow brown podzolic. Vegetation: dry sclerophyll forest (Eucalyptus bax- 
teri — E. obliqua). 
Site 4, Location: near Currowan Creek ca. 22.6 km NW Batemans Bay, N.S.W. alongside Kings 
Highway; map ref. 303609, SI 56-13, ed. 1, ser. R502. Altitude: 90 m. Soil: prairie soil. Vegetation: 
dry sclerophyll forest (E. maculata). 
Site 5. Location: ca. 28.5 km NW Batemans Bay, N.S.W. alongside Kings Highway; map ref. 
300611, SI 56-13, ed. 1, ser. R502. Altitude: 210 m. Soil. prairie soil. Vegetation: dry sclerophyl! 
forest (E. maculata). 
Site 6. Location: ca. 34.5km NW Batemans Bay, N.S.W. alongside Kings Highway; map ref. 
298612, ST 56-13, ed. 1, ser. R502. Altitude: 420 m. Soil: prairie soil. Vegetation: wet sclerophyll 
forest (E. fastigata D. and M. — E. maculata). 
Site 7. Location: ca. 37.5km NW Batemans Bay, N.S.W. alongside Kings Highway; map ref. 
296612, SI 55-16, ed. 1, ser. R502. Altitude: 690 m. Soil: prairie soil. Vegetation: temperate rain 
forest. 
Site 8. Location: ca. 39 km NW Batemans Bay, N.S.W. alongside Kings Highway; map ref. 295611. 
SI 55-16, ed. 1, ser. R502. Altitude: 700 m. Soil: prairie soil. Vegetation: wet sclerophyll forest 
(E. fastigata). 
Site 9. Location: ca. 4 km S Picadilly Circus, Brindabella range, A.C.T.; map ref. 183629, SI 55-16, 
ed. 1, ser. R502. Altitude: 1330 m. Soil: alpine humus soil. Vegetation: wet sclerophyll forest (E. 
delegatensis). 
Site 10. Location: near Picadilly Circus, Brindabella Range, A.C.T.; map ref. 182631, ST 55-16. 
ed. 1, ser. R502. Altitude: 1400 m. Soil: alpine humus soil. Vegetation: sub-alpine woodland (E. pau- 
ciflora). 
Site 11. Location: 0.5 km W entrance to Kosciusko National Park, N.S.W. alongside Jindabyne — 
Kosciusko road; map ref. 163510, SJ 55-4, ed. 1, ser. R502. Altitude: 960 m. Soil: grey-brown pod- 
zolic. Vegetation: dry sclerophyll forest (E. pauciflora — F. stellulata Stes. ex DC. — F. rubida D. 
and M). 
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Site 12. Location: 0.5 km W of Wilsons Valley D.M.R. depot, N.S.W. alongside Jindabyne-Kos- 
ciusko road; map ref. 157512, SJ 55-4, ed. 1, ser. R502. Altitude: 1520 m, S-facing slope (contrast 
site 16). Soil: alpine humus soil. Vegetation: wet sclerophyll forest (Hucalyptus delegatensis). 

Site 18. Location: ca. 6.5 km NE Island Bend, N.S.W.; map ref. 156519, SJ 55-4, ed. 1, ser. R502. 
Altitude: 1220 m. Soil: alpine humus soil. Vegetation: wet sclerophyll forest (Eucalyptus delegaten- 
sis). 

Site 16. Location: 0.5 km W of Wilsons Valley D.M.R. depot, N.S.W. alongside Jindabyne-Kos- 
ciusko road; map. ref. 157511, SJ 55-4, ed. 1, ser. R502. Altitude: 1490 m, N-facing slope (contrast 
site 12). Soil: alpine humus soil. Vegetation: dry sclerophyll forest (Eucalyptus pauciflora). 

Site 17. Location: ca. 3km W of National Park Headquarters, N.S.W. alongside Jindabyne-Kos- 
ciusko road; map ref. 159512, SJ 55-4, ed. 1, ser. R502. Altitude: 1320 m. Soil: brown podzolic. 
Vegetation: dry sclerophyll forest (Eucalyptus pauciflora). 

Site 19. Location: near “Willandra”, ca. 53 km N Cooma, N.S.W. alongside Monaro Highway; 
map ref. 218577, SI 55-16, ed. 1, ser. R502. Altitude: 760 m. Soil: solodic. Vegetation: temperate 
sub-humid woodland (Hucalyptus melliodora A. CUNN. ex Schau). 

Site 20. Location: ca. 13 km E Bungendore, N.S.W. alongside Kings Highway; map ref. 258647, 
SI 55-16, ed. 1, ser. R502. Altitude: 850 m. Soil: yellow podzolic. Vegetation: dry selerophyli forest 
(Eucalyptus rossii R. T. Baker and H. G. Sm.). 

Site 23. Location: Ferries-McDonald National Park, S.A. ca. 19km SW Murray Bridge; map ref. 
212649, SI 54-13, ed. 1, ser. R502. Soil: solodized solonetz. Vegetation: eucalypt shrubland-mallee 
(Eucalyptus incrassata LABILL.). 

Site 24. Location: ca. 54km N Deniliquin, N.S.W. alongside Cobb Highway; map ref. 281668, 
SI 55-13, ed. 1, ser. R502. Altitude: 85 m. Soil: grey clay. Vegetation: shrub steppe (Atriplex vesi- 
caria Hewarp); leaf-litter samples placed in open between bushes (contrast site 25). 

Site 25. Location, climate etc. as site 24. Leaf-litter samples placed under bushes (contrast site 24). 
Site 28. Location: Urrbrae, ca. 7 km E Adelaide, S.A.; map ref. 164679, SI 54-9, ed. 1, ser. R502. 
Altitude: 150 m. Soil: red brown earth. Vegetation: temperate sub-humid woodland (Eucalyptus 
leucoxylon F. MuELL.). 
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